Juvenile scleroderma (JS) represents a rarely seen group of connective tissue diseases with multiple organ involvement. Cardiac involvement in JSS is well known and, although rare in children, it may be an important cause of mortality and morbidity. Therefore, an early determination of cardio-vascular and pulmonary involvement is of the most relevance to reduce the mortality in patients with juvenile scleroderma. The aim of the study was to explore the non-invasive methods (Doppler echocardiography, pulmonary function tests), Forced vital capacity (FVC) and Carbon monoxide diffusion capacity (DLCO) in the assessment of the cardiopulmonary involvement in patients with JS. The assessment of pulmonary arterial pressure (PAP) and risk factors for pulmonary arterial hypertension (PAH) were made by the measurement of maximum tricuspid insufficiency (TI), end-diastolic pulmonary insufficiency (PI), ratio of acceleration time (AT) to ejection time (ET) (AT/ET), right atrial pressure (RAP) and contraction of vena cava inferior during inspiration. Thirty-five patients with confirmed JS were included in the study. The mean age of onset of the disease was 9.57 years (median 10 years, range 2-18 years). The mean disease duration and follow-up time was 2 years (median 1 year, range 0.5-8 years) and 3.57 years (median 2 years, range 0.5-14.5 years), respectively. The values of all the analyzed parameters including TI, PI, AT/ET, PAP, FVC and DLCO were found to be within normal ranges in all the patients tested, confirming an uncommonness of cardiopulmonary involvement in patients with juvenile scleroderma.
INTRODUCTION
Juvenile scleroderma (JS) is a rare connective tissue disease affecting multiple organs [1] . The published data on JS are sparse [2] . Its clinical presentation differs from the adult form, typically manifesting as either juvenile localized scleroderma (JLS) or juvenile systemic sclerosis (JSS). Compared with JSS, JLS is an indolent, self-limiting form of the disease, associated with better prognosis that can occasionally progress into a systemic form. JLS is the most frequent form of scleroderma in childhood [3] . It is estimated that 10% of all patients with scleroderma develop the disease before the age of 8 years, with the mean age of onset at 8.8 years [1, 3] .
Cardiac involvement in JSS is well known and, although rare in children, it may be an important cause of mortality and morbidity [4] . Pulmonary arterial hypertension (PAH) represents the most pertinent form of pulmonary involvement. The presence of PAH in scleroderma patient has a devastating impact on survival. Prior to the availability of PAH-specific therapies, the 5-year survival rate was only 10% for scleroderma patients with PAH, compared with 80% for scleroderma patients without PAH [5] . The previous reports showed that the connective tissue disease-associated PAH cohort accounts for up to 30% of all cases of PAH, and the vast majority of these cases reflect scleroderma-associated PAH [6] . Among adults patients with scleroderma, the PAH prevalence is estimated to be 10-15%, whereas in children it was reported to be 7% [2] . The studies of PAH among juvenile scleroderma patients are insufficient and there is a need for further investigations.
PAH is defined by a mean pulmonary arterial pressure (MPAP) of 25 mmHg or greater at rest. The mean pulmonary arterial pressure of 30-40 mmHg produces clinical symptoms; when the MPAP reaches the value of 50-70 mmHg, a clinical worsening and a reduced heart output are observed [7] . Since the clinical symptoms are seen in the advanced disease, it is of crucial importance to determine the cardio-vascular involvement in its early stage, when the patients are still asymptomatic. Although the right-sided heart catheterization (RHC) remains the gold standard for diagnosis of PAH, the Doppler echocardiographic examination (Doppler-echo) is used as a reliable screening tool in patients with scleroderma [8] . Pulmonary function tests (PFT) are helpful in the investigation of PAH. The measurement of Functional vital capacity (FVC) and Carbon monoxide diffusion capacity (DLCO) is useful in determination of the interstitial lung disease, which could lead to the PAH development. The ratio of FVC/DLCO >1.6 is shown to be indicative for PAH [9] . The early diagnosis of cardio-vascular involvement influences the clinical course and prognosis of the disease. The aim of our study was to use the non-invasive methods (echocardiography, pulmonary function tests) to examine the cardiopulmonary involvement in the patients with juvenile scleroderma.
MATERIALS AND METHODS
A total of 35 patients (31 female, 4 male) with diagnosis of juvenile scleroderma, followed up at Pedatric Rheumatology Department, Cerrahpasa Medical School were included in the study. The diagnosis of scleroderma was established according to 2013 updated classification criteria for systemic sclerosis, proposed by The American College of Rheumatology/ European League Against Rheumatism (ACR/EULAR) [9] .
Doppler echocardiography was performed at Pediatric Cardiology Department.
Pulmonary function tests were performed at Laboratory for pulmonary function tests.
Criteria for inclusion in the study were: a) Diagnosis of juvenile scleroderma; b) Regular clinical follow-up at Pediatric Rheumatology Department, Cerrahpasa Medical Faculty; c) Performed Doppler echocardiography at Pediatric Cardiology Department; and d) Performed pulmonary function tests at the Laboratory for pulmonary function tests.
Patients with an irregular follow-up and those who were treatment non-compliant were excluded from the study (totally 5 patients: 4 with local scleroderma and one patient with systemic sclerosis).
Doppler echocardiographic examination
The assessment of pulmonary arterial pressure was made by measurement of maximum tricuspid insufficiency (TI), end-diastolic pulmonary insufficiency (PI), the ratio of acceleration time (AT) to ejection time (ET) (AT/ET), right atrial pressure (RAP) and contraction of vena cava inferior during inspiration [10] . Pulmonary arterial pressure was determined using three different methods: 1-Systolic pulmonary arterial pressure (SPAP) was estimated by measuring the maximal velocity of tricuspid insufficiency (TI)2-Diastolic pulmonary arterial pressure (DPAP) was estimated by measuring the velocity of pulmonary insufficiency at the end of diastole (PI)3-Mean pulmonary arterial pressure (MPAP) was determined by measuring the pulmonary insufficiency acceleration time (AT) and the ratio of AT to ejection time (ET).
Systolic pulmonary arterial pressure was calculated by modified Bernoulli equation, in which SPAP = 4 x TRVmax 2 + right atrial pressure, where TRVmax was maximal velocity of tricuspid insufficiency. Right atrial pressure was evaluated by measuring the right atrial volume, the degree of tricuspid regurgitation and contraction of vena cava inferior during inspiration [11, 12] . The volume of the right atrium was normal for all the patients, collapse of vena cava inferior during inspiration was more than 50% and none of the patients had a significant tricuspid regurgitation. Therefore, the right atrial pressure was supposed to be normal and was accepted to be 5 mmHg for all the patients. The cutoff value for the maximal velocity of tricuspid insufficiency was a 3 m/sec, while for calculated SPAP it was a 40 mmHg. All the values above the cutoff were considered as pathologic [4, 5, 11] . The diastolic pulmonary arterial pressure (DPAP) was estimated by measuring the velocity of pulmonary insufficiency at the end of diastole, with a cutoff value of 2m/s [12, 13] . Mean pulmonary arterial pressure (MPAP) was determined by assessing the pulmonary insufficiency acceleration time (AT) and the ratio of AT to ejection time (ET); AT/ET < 0.3 was accepted as pathologic [11, 13, 14] . The same cardiologist performed all the measurements, repeating them for three times. The mean value was used in the statistical analysis.
Pulmonary function tests
Pulmonary function tests were performed in order to estimate the forced vital capacity and CO diffusion capacity. Results were adjusted to the age, gender, weight, height and hemoglobin levels of the patients. The previous studies showed that values of FVC < 80%, DLCO < 60% and FVC/DLCO > 1.6 imply a risk for PAH [4, 10, 11, 12] .
Statistical analysis
Patients were assigned into two groups: patients with JLS and those with JSS. Since the cardio-vascular involvement is not expected in the JLS patients, they were regarded as a control group. Statistical comparison was made between those two groups of patients. In the same time, all measurements were statistically analyzed according to the pathological values being established by the American Association of Pediatric Cardiology [13] 
RESULTS
The study was conducted between January 2013 and January 2014. A total of 35 patients with scleroderma (31 female, 4 male) were included in the study. 46% of the patients were diagnosed with a localized form of scleroderma, while 54% of patients had a systemic sclerosis. One patient was followed up with a diagnosis of mixed connective tissue disease, due to the symptoms of dermatomyositis concomitant with those of systemic sclerosis. This patient was included in systemic sclerosis patients group.
The mean age of onset of the disease was 9.57 years (median 10 years, range 2-18 years). The mean disease duration and follow-up time was 2 years (median 1 year, range 0.5-8 years) and 3.57 years (median 2 years, range 0.5-14.5 years), respectively. The patients' demographic characteristics and their clinical characteristics are summarized in the Table 1 . There were no statistically significant differences between the two observed groups of patients in regard to demographic characteristics (p > 0.05). In contrary, laboratory investigations showed that there was a significant difference regarding serological tests between patients with JSS and those with JLS (ANA: p = 0.001, Anti Scl-70: p = 0.049, respectively). Analysis of the clinical features of the patients showed that there was also a significant difference in terms of the skin and musculoskeletal involvement (Table 1) (Figure 1) .
Results of the echocardiographic measurements and laboratory function tests are shown in the Table 2 . The mean values of the pulmonary insufficiency at the end of diastole (PI) were 1.05 ± 0.24 m/sec and 1.00 ± 0.27 m/sec for patients with systemic sclerosis and those diagnosed with local scleroderma, respectively. The mean value of PI was statistically different from its upper referent value (2 m/sec) in the both groups of patients (p < 0.001). However, there was no significant difference in PI values between the two groups of patients (p = 0.64).
The mean values of the maximal velocity of tricuspid insufficiency (TI) were 2.14 ± 0.21 m/sec and 2.07 ± 0.45 m/sec for the patients with systemic sclerosis and those with local scleroderma, respectively. The mean value of TI was significantly different from its upper referent value (3 m/sec) in the both groups (p < 0.001), while there was no significant difference for TI between the two groups of patients (p = 0.70). Systolic pulmonary arterial pressure was calculated by modified Bernoulli equation using the measurement of maximal velocity of tricuspid regurgitation. As it was mentioned previously, the systolic pulmonary arterial pressure above 40 mmHg was considered pathologic and indicative for diagnosis of PAH. The calculated MPAP was normal in both groups. Additionally, there was no significant difference for the value of MPAP between the two patients groups (p = 0.78). The mean values of the ratio of pulmonary insufficiency AT to ET (AT/ET) were found to be 0.46 ± 0.05 and 0.44 ± 0.05 for the patients with systemic sclerosis and those with local scleroderma, respectively. The both values were significantly different from the lower referent value of the AT/ET ratio (p < 0.001). Those echocardiographic measurement results indicate the absence of PAH in both groups of studied patients.
The mean values of FVC were 96.94 ± 16.67% and 102.12 ± 12.82% for patients with systemic sclerosis and those with local scleroderma, respectively. The results were significantly different from the lower referent value (70%) (p < 0.001). The difference in FVC value for patients with local scleroderma and those with systemic sclerosis was not statistically significant (p = 0.17).
Mean DLCO was 84.89 ± 21.57% and 94.46 ± 10.23% for JSS and JLS patients, respectively. Result for both groups of patients was significantly different from its pathologic value (p < 0.001). However, DLCO was not statistically different between two groups of patients (p = 0.16).
DISCUSSION
In this study, that represents the largest single-center collection of data on patients with juvenile scleroderma, we examined the cardio-vascular involvement by echocardiographic measurements and pulmonary function tests.
In order to determine systolic pulmonary arterial pressure, we measured a maximal velocity of tricuspid insufficiency in patients with systemic sclerosis and those with the local disease. Results were found to be normal and significantly different from the pathologic values. There was no significant difference in the maximal velocity of tricuspid insufficiency between patients with JSS and those with JLS. Additionally, echocardiographic examination was used to assess the diastolic and mean pulmonary arterial pressure. The values for both measurements were found to be normal in both groups of patients, differing significantly from the pathological value. In the other words, none of the patients had an elevated pulmonary arterial pressure. In addition, the comparison of the two patient groups showed no difference in diastolic and mean pulmonary arterial pressure between patients with systemic sclerosis and those with local scleroderma.
Although detailed and repeated measurements were performed for all the patients, pulmonary atrial pressure was found to be within normal ranges. The previous reports showed that the connective tissue disease-associated PAH cohort accounts for up to 30% of all cases of PAH, and the vast majority of these cases reflect scleroderma-associated PAH [6] . Among adults patients with scleroderma, the PAH prevalence is estimated to be 10-15%, whereas in children it was reported to be 7% [2, 15] . The main demographic and clinical features of the disease found in our study are similar to those reported by Martini G et al. in children with systemic sclerosis. The mentioned study reports a pulmonary hypertension in 7% of a total of 153 SS patients from 55 different rheumatologic centers, in the period of January 2002-June 2003. The mean duration of their patients' follow up was 3.9 years, similarly to our results (3.5 years). Additionally, the mean time between the first signs of the disease and the diagnosis was reported as being 1.9 years; in our study the mean disease duration at diagnosis was found to be 2 years (median 1 year, range 0.5-8 years) [2] . However, studies on pulmonary hypertension in juvenile scleroderma patients are lacking [16] [17] [18] [19] .
Pulmonary fibrosis, the lung involvement of the disease, contributes the development of the PAH in patients with systemic scleroderma. We examined the presence of pulmonary fibrosis by providing the lung functional tests [20] [21] [22] [23] . Pulmonary function test revealed a normal value of FVC and DLCO for all of the studied patients. The measured values were significantly different from those defined as pathological. The comparison of FVC and DLCO between JSS and JLS patients showed no differences between those two groups. Namely, our patients had neither clinical nor the functional signs of pulmonary fibrosis. In the medical literature, pulmonary function test is described as an essential tool for PAH screening in patients with scleroderma. A declining DLCO and elevated FVC% / DLCO% ratio are very useful as predictors of the presence of the PAH or its advanced development [10] . A study performed by Borowiec at al. among patients with juvenile scleroderma showed decreased FVC in 60% of patients with JSS [4] .
There are several possible reasons explaining the absence of PAH findings in our patients. The majority of patients were diagnosed shortly after the beginning of the symptoms (mean time to diagnosis was found to be 2 years). The early diagnoses lead to an early treatment possibly influencing the progression of the disease. Martini et al. showed that a short time between disease onset and the diagnosis is a protective factor in patients with juvenile scleroderma [16] . Additionally, all the studied patients were taking the regular treatment with regular annual follow-up. Patients with irregular follow-up and those who had been non-compliant were excluded from the study. Early diagnosis, a regular follow up and a proper therapy are thought to be important in reduction of cardio-vascular complications of the disease. Normal results of the cardio-vascular assessment for all of the studied patients as well as their significant difference from the proposed pathological values imply that the treatment was appropriate and important in prevention of disease complications.
At the time we performed the study, the mean age of patients was 14.5 ± 3.3 years and 13.3 ± 2.7 years for systemic sclerosis and local scleroderma group, respectively. The mean follow up was 2 years for both groups of patients. The age of the patients also possibly influences the development of the PAH. Although we could not find the exact data about the time of PAH development in patients with juvenile scleroderma in the literature, the risk possibly increases with the progression of the disease. A multicenter study, provided by Martini et al. showed a mortality rate of 11.9%, with a cardiac failure as the most important cause of mortality. The death occurred after a mean 4 years from diagnosis, with median 2.8 years and a range from 13 days to 18.1 years. [2] . In our study, duration of disease was considered to be relatively short for the PAH development. The long-standing follow-up of patients would give more information about the progression of the disease and its possible complications. There was no fatal outcome in our study. This finding could be possibly explained by the absence of the major mortality risk factor (cardio-vascular involvement).
The advantages of our study are repeated and detailed echocardiographic examinations and pulmonary tests for all of patients. However, one of the limitations of our study is the small number of patients. Furthermore, our study is a cross-sectional investigation. A further multicenter, prospective studies would give a better insight into the development of PAH at juvenile scleroderma.
In conclusion, PAH is an uncommon finding among patients with juvenile scleroderma. Early diagnosis, regular follow-up and proper therapy are thought to be important factors in reducing the cardio-vascular complications of the disease. In addition, this study points out the importance of annual cardio-vascular screening for patients with juvenile sclerosis.
CONCLUSIONS
Although quite rare in juvenile scleroderma, cardio-vascular and pulmonary involvement is the most important factor for the prognosis of the disease. Early diagnosis, regular follow-up and appropriate treatment are important factors in reducing the cardiovascular and pulmonary complications of the disease.
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